Commercial air travel is one of the safest means of transport. However, the environment within the aircraft cabin may have deleterious physiological effects on passengers, especially those with underlying medical problems and those who are old. With growing affluence, cheaper airfares and an ageing population, there will be more older people travelling by air over extended periods and longer distances, with a concomitant rise in the number of medical illnesses in the air. Older people may encounter various problems during a long journey. Certain actions may help to minimize these problems.
Introduction
Although air travel is one of the safest forms of transport, the environment within the aircraft cabin may have adverse physiological effects on passengers, especially those with underlying medical problems. The older person may be more susceptible to complications during long-distance flights [1] .
We discuss the problems that the older traveller may encounter on long journeys and suggest measures that can be taken to minimize the risks involved.
The cabin: physiological effects
Cabin pressure varies according to altitude. Most commercial planes cruise between 28 000 and 45 000 feet (flight altitude) above sea level, while cabin pressures are maintained between the equivalent of 6000 to 8000 feet (cabin altitude) above sea level. Cabin oxygen starts decreasing at a flight altitude above 22 500 feet [2] . At a cabin pressure of 6000 feet, the alveolar oxygen tension is 71 mmHg while at 8000 feet it is 59 mmHg [3] . Thus, at cruising altitude, cabin oxygenation is almost invariably diminished and may pose a health risk to passengers with anaemia, cardiopulmonary illnesses and other vascular conditions [4] .
The low cabin pressure also leads to expansion of gases (in accordance with Boyle's law). This has clinical implications-especially if gas is trapped in body cavities such as the sinuses, middle ear, gut, pleural cavity, eyes, tooth fillings and skull [5] . Difficulty equalizing air pressures within these enclosed areas with the external environment can cause problems such as aerotitis media, barosinusitis, aerodontalgia, nausea, vomiting and pneumothorax [3] .
Low humidity (usually below 25%) within the cabin may lead to dryness of exposed membranes (such as the oropharynx and cornea) and possibly to dehydration, especially if compounded by the diuretic effects of alcohol ingestion during the flight. To support this, there can be an increase in mean plasma and urine osmolality as well as specific gravity of the urine [6] .
The cramped conditions, prolonged immobility (especially in long-haul flights), constant noise and vibration and intermittent air turbulence may be disconcerting to the older traveller [7] and can cause oedema of the lower limbs (jet flight leg) [8, 9] or deep vein thrombosis ('economy class syndrome') [10] as a result of venous stasis. Pulmonary embolism is now a well-recognized complication of long-haul air travel [11] [12] [13] [14] . A less wellknown but important complication is the development of acute ischaemia of the lower limbs from prolonged sitting [15] .
Psychological aspects of air travel in the older person
Fear of flying is common in elderly people and may lead to hyperventilation and anxiety [5] . Anxiety-provoking situations include flight delays, customs and baggage reclaim, and aeroplane take-off and landing [16] . The demands of preparing for the journey, the trip to the airport and the paperwork are all added stresses to the older traveller. Air-terminal stress refers to the physical and mental stresses that the traveller encounters at the airport [17] . Filling in forms at the airport, checking-in at the correct counter, getting to the correct departure gate and looking for the numbered seat may be an ordeal for the older person with poor eyesight, hearing impairment or other disabilities-especially in a crowded, noisy environment. Consequently, many of the emergencies among air travellers occur within the air terminal [18] . Aerial claustrophobia may be more prevalent in older people who have never or infrequently travelled by air [19] .
Delirium has many contributing causes, which include hypoxia, alcohol intoxication and dehydration. There are few data on in-flight delirium. A rare cause was reported in an 83-year-old man who developed pneumoencephalus after attempting to unblock his nose with the Valsalva manoeuvre during a flight from Australia to the United Kingdom [20] .
Medical hazards Hypoxia
Hypoxia during flying is postulated to induce ischaemic conditions, which may in turn present overtly as an acute myocardial infarction or stroke, or may present in more unusual ways, such as a change in cognition [21] . There are concerns about the hazards of flying, even for infants where, although there may not be any overt clinical manifestations, magnetic resonance scans of the brain may show abnormalities [22, 23] . Conceivably, susceptible older people may suffer the deleterious effects of prolonged hypoxia without presenting overtly initially.
Although research into the medical effects of hypoxia is meagre, possible cardiac consequences of in-flight hypoxia include angina, acute myocardial infarction and congestive cardiac failure [24] . Cardiac conditions constitute the most common cause of in-flight deaths [25] while cardiac-related problems rank as one of the commonest causes of in-flight emergencies [18] . Air travel should thus be avoided in those with new-onset or unstable angina, a recent myocardial infarct (within 3 months), poorly controlled congestive cardiac failure, malignant hypertension or severe anaemia (-8 g/dl) [5] .
Older travellers with chronic airflow limitation may experience an exacerbation of their illness while in-flight because of the low oxygen and humidity environment [26] [27] [28] . It is imperative that such passengers be assessed by a physician before the journey, to see if there is a need for oxygen onboard the flight. The low cabin pressure may also lead to gas expansion and pose a theoretical risk to those with underlying bullous lung disease or unresolved pneumothorax [29] .
Economy class syndrome
The term 'economy class syndrome' refers to the development of deep vein thrombosis and pulmonary embolism in passengers travelling long distances in the cramped economy class seats (but is not confined to people in these seats) [10, 30] . Eklof et al. identified seven cabin-related risk factors for the development of deep vein thrombosis: low humidity, hypoxia, diuretic effect of alcohol, insufficient fluid intake, smoking, ''coach'' (i.e. economy seat) position and immobilization [31] . Those with predisposing medical conditions such as venous disease, malignancies, heart failure, nephrotic syndrome and other hypercoagulable disorders, and those with a history of thrombo-embolic illnesses are at a particular risk of developing this complication [30, 32, 33] . Women on hormonal therapy and those who have had recent surgery are also at risk.
Pulmonary embolism can occur on journeys as short as 4 h [34] , may present 1-2 weeks after the flight and is not necessarily preceded by a painful calf [10] . In elderly people, it may present atypically and mimic pneumonia, gastrointestinal disease or stroke [35] . Prevention of deep vein thrombosis is the key to avoiding pulmonary embolism. Measures suggested include the use of pressure-graded elastic stockings, periodic musclecontracting exercises while seated [36] , regular walks from the aisle seat (avoiding the window seat if possible) [10] , avoidance of smoking and excessive alcohol intake, and adequate (non-alcoholic) fluid intake [37] . For those with predisposing conditions and who are at a high risk for thrombo-embolism, low-molecular-weight heparins, warfarin or low-dose aspirin may be taken prophylactically [38, 39] .
Leg oedema ('jet flight leg'), which may mimic deep vein thrombosis, is commoner in women, usually benign, resolves spontaneously and can be prevented by the use of elastic stockings, which should be worn before take-off to be effective [8] .
Effects on body gases
The expansion of body gases within the low-pressure environment of the aircraft cabin can cause problems [3, 40] . Expansion of gases within the stomach and duodenum may lead to discomfort, nausea or vomiting. Theoretically, expansion of gases within a diseased hollow viscus (e.g. peptic ulcer or diverticuliti) may result in perforation, while distension of the gut may lead to splinting of the diaphragm and cause respiratory embarrassment in susceptible individuals [3] . The older traveller who is predisposed to such problems should therefore be advised to avoid gas-producing foods before travel and carbonated drinks during the flight. Those with recent abdominal (gastrointestinal and urological) surgery, gastrointestinal haemorrhage or bowel obstruction should avoid flying altogether for at least 2 weeks after the event. For those with a colostomy, a larger bag should be used or a spare one brought into the cabin [3] . An overlooked symptom is aerodontalgia, where trapped air in defective fillings, apical abscesses and carious teeth expands to cause toothache.
Ear and sinus problems
Cabin pressure changes can also be deleterious to passengers with middle ear and sinus problems. Failure to equalize pressure within the middle ear and the environment can cause otic barotrauma and potentially even tympanic membrane rupture. Otic barotrauma occurs in up to 9% of air travellers and presents as severe ear pain, tinnitus, vertigo or hearing loss [41] . A patent Eustachian tube is of paramount importance in equilibrating middle-ear pressure with the external environment.
Individuals with acute otitis media and other conditions causing a blockage of the Eustachian tube should, therefore, be advised not to fly until the blockage is cleared. Passengers who do develop otic barotrauma, however, should be advised to perform a Valsalva manoeuvre or to swallow repeatedly. Should the pain be excruciating and intractable, the cabin altitude may have to be adjusted by the pilot altering the altitude of the aircraft. Those with acute sinusitis should avoid flying-particularly if a polyp or mucocoele obstructs the ostium of the affected sinus. Similarly, those who have recently had eye or brain surgery or laparascopic procedures should avoid air travel.
Neurological conditions
Neurological conditions that can occur in the plane include seizures (in those with pre-existing neurological conditions) and strokes. Those with pre-existing seizures should be well-controlled on medication before embarking on the journey while those with a recent (within 4 weeks) stroke should try to avoid flying altogether.
Syncope
The most common in-flight medical emergency is syncope from various causes [42] [43] [44] . Aircraft passengers, especially elderly travellers, are more prone to syncope because of prolonged sitting, dehydration and alcohol use, which can lead to postural hypotension [2] .
Motion sickness
Air turbulence causing a linear vertical motion on the vestibular organ, psychological factors and excessive alcohol consumption can cause motion sickness, which can be distressing and incapacitating. Although this problem is usually benign, in the frail passenger it may potentially cause dehydration, electrolyte imbalance, rib fractures and the Mallory-Weiss syndrome, especially if protracted. Measures that can be used to minimize this problem include flying at night to reduce visual stimulation and sitting in a reclining position, away from the engines and toward the centre of gravity of the aircraft [3] . Prophylactic anti-motion medication can also be used before and during the flight. Anti-histamines are the drug of choice, but they can cause sedation and have anticholinergic side effects.
Infection
There is a theoretical risk of infection within the enclosed environment of the aircraft cabin. The actual risk, however, is extremely low because of the frequent air exchanges (every 3-4 min) and the sterilizing effect of passing recirculated air through the jet engines at extreme temperatures [45] . The risk of infection by organisms carried on large droplets (streptococci, meningococci and some haemorrhagic viruses) is very low because of the air filtration system which removes particles of -1 mm in diameter, using high efficiency particulate air filters [46] . Nevertheless, organisms transmitted by tiny droplets of -10 mm have the potential to spread between passengers. Such organisms include measles and influenza viruses and tuberculosis. The latter is more likely if the index passenger has a cavitatory lesion in the lungs, coughs frequently and sits within two rows of seats, and if the at-risk passengers are exposed for several hours [47] . To avoid this problem, patients with active tuberculosis should be prevented from boarding the aircraft-a difficult measure to enforce. Perhaps passengers with chronic lung and heart diseases should be given influenza and pneumococcal vaccinations before the flight.
Physical and functional aspects
The frail older traveller may require a longer time to prepare for the journey, deal with formalities at the airport and make his or her way into the aircraft. Thus, it would be prudent to start the journey from home earlier than usual. Most airlines would allow passengers with wheelchairs to board an aircraft provided they are given ample warning.
Medications should be brought onboard in hand luggage and be appropriately adjusted as the person traverses through the different time zones. This is particularly important for diabetic drugs and injections [5] .
Some older people may have difficulties reading signs and listening to announcements on the public address system of the terminal and the plane itself. Those with sensory impairments should bring their aids into the aircraft. Hearing aids should be switched off or the volume turned down to avoid damage from aircraft noise, especially during take-off [48] .
To prevent urinary incontinence, a seat near the toilets and avoidance of alcohol is advisable. Fluid ingestion should also be balanced to meet but not exceed the loss of water in a low-humidity environment. One may even consider reducing the dose of diuretics, if the person's condition allows.
Although most older people are able to travel on their own, some might feel more at ease if they were accompanied by a younger relative or friend or travelled in a group. Group tours tailored for the older person, appropriate to their level of function and capabilities, are recommended.
Precautions for the older air traveller
While most older people complete their travels uneventfully, a few have serious medical problems in-flight. This may lead to flight disruption, unscheduled landing or flight diversion [18, 25, 49] . It inconveniences other travellers; incurs additional costs and can put the sick passenger in a dangerous situation where the resources available for treatment may be inadequate [42] .
In-flight medical emergencies can be reduced or averted with careful pre-flight evaluation. Pre-flight screening should be considered for those with many medical problems who are on multiple medications, those recently discharged from hospital, those with advanced chronic illness (such as heart failure or chronic airflow limitation) and those who are frail [50] . One suggestion is that all passengers over 65 who intend to fly for more than 6 h at a stretch be routinely screened as a precautionary measure [19] .
Screening of patients potentially susceptible to the adverse effects of hypoxia might include arterial blood gasses, an electrocardiogram, lung function tests and measurement of serum haemoglobin concentration. The more sophisticated hypoxia-altitude simulation test is occasionally performed in specialist units to help the physician make a decision [51, 52] . We suggest that all elderly people with memory or cognitive deficits be screened with the Mini-Mental State Examination, as those with early dementia may be more prone to developing delirium in flight.
The physician who deals with older patients should be able to offer advice, counselling and screen those who are at risk and advise against travelling in certain situations (Table 1) . Some recommendations are given in Table 2 .
Finally, the elderly person should take out adequate medical insurance to cover any eventuality as the costs of medical care for non-residents in many countries are high.
Conclusion
More older people travelling by air-and most will complete their journeys uneventfully. Very little research has been carried out on travel medicine for the older population. Most of our knowledge is based on 
Key points
. More older people are travelling by air because of increased affluence, cheaper airfares and demographic changes. . The aircraft cabin can be deleterious to the older traveller because of its low oxygen, humidity and pressure conditions. . Doctors who treat older people should be able to provide advice on how to minimize the risk of air travel.
